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In this work, we explore a class of compact charged spheres that have been tested against ex-
perimental and observational constraints with some known compact stars candidates. The study is
performed by considering the self-gravitating, charged, isotropic fluids which is more pliability in
solving the Einstein-Maxwell equations. In order to determine the interior geometry, we utilize the
Vaidya-Tikekar [1] geometry for the metric potential with Riessner-Nordstrom metric as an exterior
solution. In this models, we determine constants after selecting some particular values of M and R,
for the compact objects SAX J1808.4-3658, Her X-1 and 4U 1538-52. The most striking consequence
is that hydrostatic equilibrium is maintained for different forces, and the situation is clarified by
using the generalized Tolman-Oppenheimer-Volkoff (TOV) equation. In addition to this, we also
present the energy conditions, speeds of sound and compactness of stars that are very much com-
patible to that for a physically acceptable stellar model. Arising solutions are also compared with
graphical representations that provide strong evidences for more realistic and viable models, both
at theoretical and astrophysical scale.
PACS numbers:
Keywords: Einstein-Maxwell System; Perfect Fluids; Compact Stars
I. INTRODUCTION
After the discovery of general relativity in 1915 by Einstein, it’s became an important tool for understanding
and explaining the gravitational system. In particular, obtaining a singularity free interior solution for compact
astrophysical objects is an important issue in relativistic astrophysics for the past two and a half decades. At some
points, we usually refer compact objects as a collectively of different types of high density objects like white dwarfs,
neutron stars and quark stars, that form at the end of their stellar evolution. Therefore, in order to study the structure
of such stars form microscopic composition and properties of dense matter in an extreme condition is one of the most
fundamental problems in modern astrophysics. However, in spite of the fact that such extreme densities nuclear matter
may consist not only of leptons and nucleons but also consists of some mesons, hyperons, baryon resonances as well
as strange quark matter (SQM), in their different forms and phases at the time of stellar evaluation. Indeed, works
that reviewed by different authors demonstrate the difficulties associated with constructing solutions for obtaining a
comprehensive description of compact objects.
From the above description one can easily understand that obtaining a reliable description of dense matter compact
object is not an easy task, though there are several theoretical investigations, laboratory experiments as well as
observations test have been performed during the last few decades. But the observational data form compact stars
may soon provide some information about largest uncertainties in nuclear physics that rely heavily on the equations
of state (EoS) at nuclear and supranuclear densities. In general, this could be achieved by estimating their mass and
radius [2–4] which depends on EoS [5–8]. The motivation to undertake such a task was initiated by the discovery of
the pulsar PSR J1614-2230 that produced by hot spots on the surface of compact stars [9] led to several interpretative
problems such as neutron stars (NSs) and quark stars (QSs). However, this pulsar profile does not depend only on
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2the stellar mass and radius, but also depends on several other features like moment of inertia, quadrupole moment
and higher multi-pole moments etc. According to recent observation there are many compact objects, namely, X-ray
burster 4U 1820-30, X-ray pulsar Her X-1, X-ray sources 4U 1728-34, PSR 0943+10 and RX J185635-3754, whose
masses and radii are not compatible with the standard neutron star models. The problem is that we still have lack
of information about the nuclear matter density, so theoretical studies hints that pressure is likely to be anisotropic
within the stellar radii, i.e., the radial pressure and the tangential pressure. The search for anisotropic superdense
stars were initiated by Bowers and Liang [10] and then a number of articles appeared related with this in [11–19].
The search for an exact solutions of Einstein field equations for static isotropic and anisotropic astrophysical objects
are excellent testbeds with growing interest to mathematician as well as physicists. However, most of the exact interior
solutions for both isotropic and anisotropic cases do not satisfy the general physical required conditions of the stellar
systems. Therefore, exact solutions of Einstein-Maxwell field equations are also important in relativistic astrophysics.
The conjecture is the obtained solution may be utilized to model for a charged relativistic star which match to the
Reissner-Nordstro¨m exterior spacetime at the boundary. In this context one can avoid the gravitational collapse of a
spherically symmetric distribution of matter, because of gravitational attraction is counterbalanced by the repulsive
Coulombian force in addition to the pressure gradient. In this connection, Ivanov [46] and Sharma et al. [60] showed
that due presence of the electric field affects the nature of luminosities, redshifts and maximum masses of relativistic
star. Later on, Takisa and Maharaj [59] have proposed an exact solutions for charged anisotropic polytropic spheres.
Imposing different equations of state some of these charged solutions have studied in [20–25].
The simplest known procedure that can be added for constructing a static charged perfect fluid interior solution
for compact objects are either to prescribe a metric ansatz or an equation of state relating pressure and density. In
the present article we consider a well known ansatz for one of the metric functions, namely, Vaidya and Tikekar [1],
who prescribed an ansatz for the geometry of the t = constant hypersurface. The main important feature is that the
solution characterizes a class of static spherically symmetric perfect fluid configuration and provides an exact solution
of Einsteins equations. Following this technique, a large number of solutions have been studied in [26–30]. In a recent
treatment Naveen and Bijalwan [31, 32] have obtained a charged perfect fluid model with generalized electric intensity
for all K except for 0 < K < 1 and extending this point of view Kumar and Gupta [33, 34] obtained another solution
for 0 < K < 1. In the present problem we focused on a charged fluid sphere starting with Vaidya and Tikekar [1]
metric potential and tested our model with some standard observed mass and radius of the compact stars candidates
as proposed in [35].
The paper is organized as follows: following a brief introduction in Sec. I, then we give the general relativistic
formulation of Einstein-Maxwell system of equations for a relativistic stellar model in Sec. II. Paying particular
attention to solve the system of equations analytically, we assume a particular form of metric potential, namely,
Vaidya-Tikekar to generate exact solutions and obtain the expression for energy density and pressure in the same
section. Then, we match the interior charged fluid to the exterior Reissner-Nordstro¨m line element in Sec. III.
Next, in Sec. IV, we have discussed briefly some physical features of the proposed model maintaining the regularity
conditions and obtained results are compared with observational data. Finally in Sec. V, we give a brief discussion.
II. EINSTEIN FIELD EQUATIONS
In this work, we consider the static spherically symmetric spacetime for seeking solution of a compact stellar object,
that can be written in Schwarzschild coordinates as
ds2 = eν(r)dt2 − eλ(r)dr2 − r2(dθ2 + sin2 θdφ2), (1)
where the unknowns ν(r) and λ(r) are both metric functions in terms of radial coordinate, which yet to be determined
by solving the field equations.
The most important question that arise is the matter distribution inside a compact star. Here, we consider the
case of a charged gravitating object with isotropic pressures. Then the energy momentum tensor T ij will include the
terms from the Maxwell’s equation Eij and the complete form of energy-momentum tensor is
T ij + E
i
j =
[
(c2ρ+ p)uiuj − pδij +
1
4pi
(−F imFjm + 1
4
δijFmnF
mn)
]
, (2)
where uj , and δ
i
j stand for 4-velocity of the fluid, and the metric tensor, respectively. Generally first component
standards for energy momentum tensor; e.g. for a perfect fluid we have
[
(c2ρ+ p)uiuj − pδij
]
, where ρ is the matter
density and p is the pressure of the fluid. The basic argument to assume the perfect fluid implies that the flow of
matter is adiabatic, no heat flow, radiation, or viscosity is present [36]. The second term associate with electromagnetic
3stress-energy tensor from the Maxwell’s field equation and hence they will follow the relation
[√−gF ij]
,j
= 4piji
√−g,
where Fij denote the skew symmetric electromagnetic field tensor and j
i is the four-current density.
Now, accomplishing the effects due to the electric field and pressure isotropy, and using the metric (1) with stress
tensor given in Eq. (2), the Einstein field equation, Gµν = -κ [T
µ
ν + E
µ
ν ], where R
i
j −
1
2
Rδij , provides the following
relationships
λ′
r
e−λ +
(1− e−λ)
r2
= κρ+
q2
r4
, (3)
ν′
r
e−λ − (1− e
−λ)
r2
= κp− q
2
r4
, (4)(
ν′′
2
− λ
′ν′
4
+
ν′2
4
+
ν′ − λ′
2r
)
e−λ = κp+
q2
r4
, (5)
with κ = 8pi (geometrized units G = c = 1) and prime denotes the differentiation with respect to the radial coordinate.
The total charge inside a radius r is given by
q(r) = r2
√
−F14F 14 = r2F 41e(λ+ν)/2 = 4pi
∫ r
0
σr2eλ/2dr. (6)
Also F14 is the only non-vanishing component of the skew-symmetric electromagnetic tensor i.e., F14 = −F41. Equa-
tions (3)-(5) are invariant under the transformation q(r) = - q(r) and σ = −σ. Here, we exclusively deal with the
positive square root of q2.
Note that Eqs. (3)-(5) provide three independent equations, for five unknown quantities i.e. ν, λ, ρ(r), p(r) and
q(r) which we have to solve simultaneously to get our results. As, obtaining an explicit solutions to the Einstein field
equations is a difficult tusk due to highly nonlinearity of the equations. Thus, we will reduce the number of unknown
functions by assuming a well known form of metric potential [1]
eλ =
K(1 + Cr2)
K + Cr2
, 0 < K < 1, (7)
where C = −K/R2, and K & R are two parameters which characterize the geometry of the star. Our choice of
Vaidya-Tikekar ansatz is physically well motivated and has been studied for uncharged superdense stars by Tikekar
[37] and Maharaj and Leach [38]. This facilitated the model in an interesting geometric meaning as deviation from
sphericity of 3-space geometry. It may also be noted that metric potential restricts the geometry of the 3-dimensional
hypersurfaces t = const. to be spheroidal and when K = 0 the hypersurfaces t = const. become spherical.
The solution of EFEs (3)-(5), is in a different but equivalent form if we introduce Cr2 = x and eν = Z2 as a new
variables. After a little bit algebraic calculation we have
(K − 1)(3 + x)
K(1 + x)2
− q
2C
x2
=
κc2ρ
C
, (8)
Z ′′ − Z ′
( √
CK√
x(K + x)
+
√
xC
(1 + x)
)
+
C
(
√
K + x)
×(
(K − 1)x
(1 + x)
− 2q2CK(1 + x)
)
Z = 0, (9)
(K + x)√
xCK(1 + x)
2Z ′
Z
+
(1−K)
K(1 + x)
+
q2C
x2
=
κp
C
, (10)
where prime denote differentiation with respect to the variable x. Furthermore, to transform the field equations to a
more convenient form we introduce another variables defined by
Y =
√
K + x
1−K , and Z = (1 + Y
2)1/4Φ, (11)
and plugging the values of Y and Z into the equation (9), we get
d2Φ
dY 2
+ χΦ = 0 (12)
4where for notational simplicity we use
χ = − 1
(1 + Y 2)
(
K − 1− 2Kq2 (1 + x
2)C
x3
+
2− 3Y 2
4(1 + Y 2)2
)
. (13)
In order to solve the second order differential equation (12) more easily, we have chosen χ = −2θ2/(Y 2θ2 + b), where
θ is a positive constant, and comparing with Eq. (13) leads to defining the total charge of the system as
q2
x2
=
x
2CK(1 + x)2
[
K − 1 + 2− 3Y
2
4(1 + Y 2)2
+
2θ2(1 + Y 2)
(Y 2θ2 + b)
]
. (14)
Moreover, using the value of χ from (13) into the Eq. (12), which yields
(Y 2θ2 + b)
d2Φ
dY 2
− 2θ2Φ = 0, (15)
Now, comparing Eq. (15) with a known standard differential equation
P0
d2Y
dX2
+ P1
dY
dX
+ P2X = R, (16)
which leads to the following relations P0 = Y
2θ2+b, P1 = 0, P2 = −2θ2, R = 0. Now, it is clear that the differential
equation is exact and rearranging the terms one can write this in a conventional form P2 − dP2
dY
+
d2P0
dY 2
= 0. Hence
the primitive of the given equation is
P0
dΦ
dY
+ (P1 − P ′0)Φ =
∫
RdY +A,
=⇒ dΦ
dY
− 2Y θ
2 + 1
Y 2θ2 + b
Φ =
A
Y 2θ2 + b
, (17)
where A and b stands for arbitrary constants. Finally, the differential equation (17) leads to the following expression
Φ(Y ) = (Y 2θ2 + b)
A
2θb3/2
[
arctan
(
Y θ√
b
)
+
1
2
sin 2
(
arctan
(
Y θ√
b
))]
+B(Y 2θ2 + b), (18)
Now, using the relation (11) for Z, which yields
Z = A(1 + Y 2)1/4
[
(Y 2θ2 + b)
1
θb3/2
H(Y ) +B(Y 2θ2 + b)
]
, (19)
where H(Y ) =
[
1
2
arctan
(
Y θ√
b
)
+
1
4
sin 2
(
arctan
(
Y θ√
b
))]
.
In addition, taking into account Eqs. (14) and (19) into equations (8)-(10), it is straightforward to achieve the
following nonzero components of field equations
κc2ρ
C
=
(K − 1)(3 + x)
K(1 + x)2
− x
2K(1 + x)2
[
K − 1 + 2− 3Y
2
4(1 + Y 2)2
+
2θ2(1 + Y 2)
(Y 2θ2 + b)
]
, (20)
κp
C
=
Y 2x
K(1 + Y 2)

N1×N2
(1−K) +N3
N4×N1
− 1K(1 + Y 2) +N6, (21)
where, N1 =
1
θb3/2
[
1
2
arctan
(
Y√
b
θ
)
+
1
4
sin 2
(
arctan
(
Y√
b
θ
))]
+
B
A
,
N2 =
(Y 2θ2 + b)
2(1 + Y 2)3/4
+ 2θ2(1 + Y 2)1/4, N3 =
(1 + Y 2)1/4
2b(1−K)Y
[
1 + cos 2
(
arctan
(
Y√
b
θ
))]
,
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FIG. 1: The energy density, pressure, charge and density-pressure in their normalized forms as a function of the radial coordinate are
shown on the panels from top to bottom for the compact star candidates SAX J1808.4-3658, 4U 1538-52 and Her X-1. For plotting, we
choose the values of physical parameters and constants are as follows: (i) K = 0.0032, b = 0.01, C = - 0.00099, θ2 = 1.006 M = 0.9M,
and R = 7.951 Km for SAX J1808.4-3658 (Table-I), (ii) K = 0.0033, b = 0.05, C = -0.001, θ2 = 4.82, M = 0.87M and R = 7.866 Km
for 4U 1538-52 (Table-II), (iii) K = 0.034, b = 0.09, C=-0.01, θ2 = 0.835, M = 0.85M and R = 8.1 Km for Her X-1 (Table-III).
N4 = (1 + Y 2)1/4(Y 2θ2 + b), N6 =
x
2K(1 + x)2
[
K − 1 + 2− 3Y
2
4(1 + Y 2)2
+
2θ2(1 + Y 2)
(Y 2θ2 + b)
]
.
With the purpose of determining the non-zero components, we are in a position to determine the internal structure
of compact stars. For compact star described by electrically charged fluid (within a certain radius) should comply
with the following requirements throughout the interior radius:
• The energy density and pressure should be positive and regular within the radius.
• (dρ/dr)r=0 = 0 and (d2ρ/dr2)r=0 < 0, so that gradient of density dρ/dr is negative within 0 < r < R.
• (dp/dr)r=0 = 0 and (d2p/dr2)r=0 < 0, so that pressure gradient dp/dr is negative within 0 < r < R.
The above three conditions imply that pressure and density should be maximum at the center and monotonically
decreasing towards the surface, which is clear from Fig. (1). We are concerned here with charged isotropic case and
according to Thirukkanesh and Mahara [61] charge distributions are singular at the origin, where the electric field
does not vanish. That means, at the origin all our sources have vanishing electric field and finite proper charge density.
From Fig. (1), it is clear that the charge will increase with the increasing charge fraction.
III. BOUNDARY CONDITIONS
At this stage the interior solution is smoothly connected to the vacuum exterior Reissner-Nordstro¨m metric at the
junction surface with radius r = R. It is important to note that these three constants A, b and θ are fixed by suitable
6junction conditions imposed on the internal and external metrics at the hyper-surface. The exterior metric is given
by
ds2 =
(
1− 2M
r
+
Q2
r2
)
dt2 −
(
1− 2M
r
+
Q2
r2
)−1
dr2 − r2(dθ2 + sin2 θdφ2), (22)
where M is the total gravitational mass of the fluid distribution and is defined by
M = ζ(R) + ξ(R), (23)
with the definition ζ(R) =
κ
2
∫ R
0
ρr2dr, ξ(R) =
κ
2
∫ R
0
rσqeλ/2dr and Q = q(R) represents, the mass within the sphere,
the mass equivalence of the electromagnetic energy of distribution and Q is the total charge inside the sphere as
suggested by [39]. To do the matching properly, at the boundary surface r = R, we start by imposing the junction
condition that the metric should be continuous [40]. Thus, by joining the interior metric function grr = e
λ and gtt
= eν with the metric coefficient of the exterior Reissner-Nordstro¨m spacetime given in (22), we obtain the following
conditions by using the continuity
eλ = 1− 2M
R
+
Q2
R2
, and y2 = 1− 2M
R
+
Q2
R2
, (24)
p(R) = 0, and q(R) = Q. (25)
Now, using the conditions (24) and (25), we can fix the values of arbitrary constants. We being here, for some
particular values of M and R, and the corresponding values of constant coefficients A, b and θ are determined. We
use three configurations of stellar bodies, i.e., SAX J1808.4-3658, 4U 1538-52 and Her X-1 of masses 0.87 M(M),
0.85 M(M), and 0.9 M(M), respectively. Some possibilities of such types are tabulated in Table -4.
We will demonstrate here the interior and surface gravitational redshift zS of these compact sources by using the
definition zS = ∆λ/λe =
λ0−λe
λe
, where λe is the emitted wavelength at the surface of a nonrotating star and λ0 is
the observed wavelength received at radial coordinate r. Thus, one of these quantities is defined according to
zS = −1 + |gtt(r)|−1/2 = −1 +
(
1− 2M
R
+
Q2
R2
)−1/2
, (26)
where gtt(r) = e
ν(R) =
(
1− 2MR +
Q2
R2
)
is the metric function. Note that interior redshift should decrease with the
increase of radius and less than the universal bounds, found when different energy conditions holds. In the isotropic
case gravitational redshift for perfect fluid spheres is given by zs < 2 [41, 42]. For an anisotropic star, this value
admits higher redshifts, Zs = 3.84, as given in Ref. [43, 44], but in the presence of cosmological constant provides
a significant increase up to zs ≤ 5 [45], which is consistent with the bound zs ≤ 5.211 obtained by Ivanov [46]. In
Table-I, II and III, we tabulated the calculated values of the center and surface redshift for the compact objects SAX
J1808.4-3658, 4U 1538-52 and Her X-1 by taking the same values which we have used for graphical representation in
Fig. 1.
IV. PHYSICAL FEATURES AND STABILITY ANALYSIS OF COMPACT OBJECTS
To gain some insight into the electrically charged fluids stellar model, we perform some analytical calculations
and studied physical properties of the interior of the fluid sphere. The structure of charged spheres are analyzed by
plotting several figures and studied equilibrium conditions under different forces. The obtained solution in this paper
is used to study relativistic compact stellar objects within specified observational constraint.
A. Tolman-Oppenheimer-Volkoff (TOV) equations
To address the question, how gravitational and other different of fluid forces counteract with increasing electro-
static repulsion when the pressure gradients tend to vanish towards the boundary and charged fluid becomes more
diluted.This situation may be illustrated by considering the hydrostatic equilibrium under different forces. This can
be easily achieved by adapting generalized Tolman-Oppenheimer-Volkoff (TOV) equation [47, 48] in the presence of
charge, as prescribed by Ponce de Leon [49] is
−MG(ρ+ p)
r2
e
λ−ν
2 − dp
dr
+ σ
q
r2
e
λ
2 = 0, (27)
7where MG = MG(r) is the effective gravitational mass inside a sphere of radius r and q = q(r) is given by (14). The
expression for the effective gravitational mass is given by
MG(r) =
1
2
r2ν′e(ν−λ)/2. (28)
Now, plugging the value of MG(r) in Eq. (27), we get
−ν
′
2
(ρ+ p)− dp
dr
+ σ
q
r2
e
λ
2 = 0, (29)
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FIG. 2: We have plotted different forces, namely, gravitational (Fg), hydrostatic (Fh) and electric forces (Fe), respectively, to describe
the equilibrium condition for charged fluid sphere. The result shows that gravitational force is dominated by hydrostatic and electric
forces to maintain the equilibrium condition. We follow the same procedure for finding solutions as given in Fig. 1.
Eq. (29), gives the information about the stellar equilibrium configuration for charged relativistic fluid, subject to
the gravitational (Fg), hydrostatic (Fh) and electric forces (Fe), respectively, which are defined as:
Fg(r) = −ν
′
2
(ρ+ p) =
Z ′
8piZ
(ρ+ p), (30)
Fh(r) = −dp
dr
= − 1
8pi
[
N
(N1.N4)2
− 2
√
Cx
K(1 + Y 2)2
+M3.M4 +M5.M6
]
, (31)
Fe(r) = σ
q
r2
e
λ
2 =
1
8pi r4
dq2
dr
=
1
16pi
[√
Cx[θ2(4− 3K + x)− 3b(1−K)]
4(1−K)2(1 + Y 2)7/4 +
θ2
√
Cx
(1−K)(1 + Y 2)3/4
]
. (32)
In Fig. 2, the behavior of these forces for the onset of hydrostatic equilibrium are shown for the compact star candidates
SAX J1808.4-3658, 4U 1538-52 and Her X-1. It is worth mentioning that, the whole system is counterbalanced by the
components of gravitational force (Fg), hydrostatic force(Fh) and electric force (Fe) and the system attains a static
equilibrium.
8B. Stability Analysis
Now, we are interested in analysing, the speed of sound propagation v2s , which is given by the expression v
2
s = dp/dρ.
In natural the velocity of sound is less than the velocity of light. Here one can consider the speed of light is c = 1,
so the sound speed is always less than unity. At this stage we investigate the sound speed for charged fluid matter
and for stable equilibrium configurations this should belongs to the interval 0 < v2 = dpdρ < 1, as in ref. [50] for a
subluminal sound speed. We take Eq. (20) and (21) for obtaining an explicit solution, which is
dp
c2dρ
=
N
(N1.N4)2
− 2
√
Cx
K(1 + Y 2)2
+M3.M4 +M5.M6(
N7−N8−N9
) , (33)
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FIG. 3: We have plotted the velocity of sound against r/R for the compact star candidates SAX J1808.4-3658, 4U 1538-52 and Her X-1
inside the stellar interior by employing the same values of the constants as mentioned in Fig. 1.
where we use for notational simplicity
N = (N1.N4).M1.(N1.N2 +N3) +M7
[
(N1.N2)
(
M8.N2 +N1(M8 +M9) +M10.M11 +M12.M13
)
− (N1.N2 +
N3)(M14.N4 +N1.M15)
]
,
with M1 =
4
√
Cx
K(1 + Y 2)2
, M3 =
√
Cx(1− x)
K(1 + x)3
,
M4 =
[
K − 1 + 2− 3Y
2
4(1 + Y 2)2
+
2θ2(1 + Y 2)
(Y 2θ2 + b)
]
, M5 =
x
2K(1 + x)2
,
M6 =
5(K − 1)√Cx
2K(1 + x)2
− −2θ
2
(Y 2θ2 + b)
2
√
Cx
K(1−K) −
(1 + Y 2)
K
4
√
Cxθ4
(1−K)(Y 2θ2 + b)2 ,
M7 =
Y 2
K(1 + Y 2)
, M8 =
√
Cx[θ2(4− 3K + x)− 3b(1−K)]
4(1−K)2(1 + Y 2)7/4 , M9 =
θ2
√
Cx
(1−K)(1 + Y 2)3/4 ,
M10 =
√
Cx(K − 2− x)
4b(1−K)3/2(K + x)3/2(1 + Y 2)3/4 , M11 = 1 + cos 2
(
arctan
(
Y√
b
θ
))
,
M12 =
(1 + Y 2)1/4
2b(1−K)Y , M13 =
−4√Cxθ
b(1−K) + (K + x)θ2 sin 2
(
arctan
(
Y√
b
θ
))
,
9M14 =
2
√
Cx
(1−K)(1 + Y 2)3/4 [1/4(Y
2θ2 + b) + θ2(1 + Y 2)],
M15 =
√
cx
2Y b(b(1−K) + (K + x)θ2)
[
1 + cos 2
(
arctan
(
Y√
b
θ
))]
, N8 = M3.M4,
N9 = M5.M6, N7 =
2
√
Cx(1−K)(5 + x)
K(1 + x)3
.
In spite of these expression complexity, we use the graphical representation to represent it more conveniently. Using
the expressions for all the terms in this formula, we have plotted Fig. 3. From Fig. 3, it is clear that the velocity of
sound lies within the proposed interval and therefore our model maintains stability. Our investigation show that our
proposed model for charged perfect fluid star satisfies both energy and stability conditions.
C. Energy conditions
To clarify the question of whether the present model satisfy all the energy conditions within the framework of general
relativity or not. Clearly, such configurations depend on the relationship between matter density and pressure obeying
certain restrictions. In connection with that, energy conditions are essential tools to understand many theorems of
classical general relativity -such as the singularity theorems of stellar collapse. Basic definitions are given for instance
in [51, 52]. Among them, we will be particularly interested in the (i) the Null energy condition (NEC), (ii) Weak
energy condition (WEC) and (iii) Strong energy condition (SEC). Such conditions have the following inequalities
ρ(r) + p ≥ 0, (34a)
ρ(r) +
q2
8pir4
≥ 0, (34b)
ρ+ p+
q2
4pir4
≥ 0, (34c)
ρ+ 3 p+
q2
4pir4
≥ 0. (34d)
Inequalities (34) hold automatically for the sources considered here. The weak energy condition imposes the
requirement of a positive energy density as measured by a distant observer. Using this inequalities one can easily
justify the nature of energy conditions for the specific stellar configuration as shown in Fig. 4, that are satisfied for
our proposed model.
Table I. Values of the model parameters K = 0.0032, C1 = −0.00099,
θ2 = 1.006, b = 0.01, Zo = 0.02399, Za = 0.01595
r/R Pressure(P) Density(D) Charge(q) dp/c2dρ P/D γ
0 0.008805 0.925155 0 0.192807 0.009518 20.450923
0.2 0.008631 0.924282 0.019012 0.205012 0.009339 22.158333
0.4 0.008037 0.921627 0.152807 0.242676 0.008721 28.069734
0.6 0.006784 0.917083 0.519778 0.309351 0.007398 42.126409
0.8 0.004398 0.910459 1.245897 0.412643 0.00483 85.846121
1 0 0.901461 0.901461 0.568269 0 Inf
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FIG. 4: Curves are plotted for the NEC, WEC, and SEC for the compact objects SAX J1808.4-3658, 4U 1538-52 and Her X-1. For the
purposes of this calculation, we use the same values as given in Fig. 1.
Table II. Values of the model parameters K = 0.0033, C1 = −0.001,
θ2 = 4.83, b = 0.05, Zo = 0.307064, Za = 0.197225
r/R Pressure (P) Density (D) Charge (q) dp/c2dρ P/D γ
0 0.008896 0.906091 0 0.222262 0.009818 22.861536
0.2 0.008706 0.905262 0.018368 0.234155 0.009617 24.580939
0.4 0.00807 0.902741 0.147609 0.270851 0.00894 30.568676
0.6 0.006764 0.898431 0.501988 0.335796 0.007528 44.940038
0.8 0.004344 0.892153 1.202877 0.436318 0.00487 90.038678
1 0 0.883639 0.883639 0.587405 0 Inf
Table
III.
Values of the model parameters K = 0.034, C1 = −0.001,
θ2 = 0.835, b = 0.09, Zo = 0.284819, Za = 0.184272,
r/R Pressure (P) Density (D) Charge (q) dp/c2dρ P/D γ
0 0.00397 0.852353 0 0.005387 0.004657 1.161964
0.2 0.003963 0.852097 0.017286 0.044347 0.004651 9.578169
0.4 0.003882 0.851298 0.139004 0.158276 0.00456 34.868049
0.6 0.003521 0.849862 0.473236 0.340569 0.004143 82.548132
0.8 0.002475 0.847622 1.135694 0.586951 0.00292 201.613295
1 0 0.844317 0.844317 0.904533 0 Inf
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Table IV. The numerical values of the masses-radius (M/R) and
Surface density (ρS) for the compact star candidates
Compact Stars R (Km.) M(M) - C (Km−2) ρS (g/cm3) M/R
4U 1538-52 7.866 0.87 1.6162×10−5 7.66×1014 0.16314
Her X-1 8.1 0.85 1.5089×10−5 6.918×1014 0.1547
SAX J1808.4-3658 7.951 0.9 1.5659×10−5 7.6490×1014 0.16696
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FIG. 5: Behaviour of redshift and adiabatic constant vs. fractional radius r/R for SAX J1808.4-3658, 4U 1538-52 and Her X-1. For
plotting we have employed data set values of physical parameters and constants which are the same as used in Fig. 1
D. Relativistic adiabatic index and Stability
We have so far considered stars in both hydrostatic equilibrium and speed of sound. But an important question
that remains to be answered is whether these centenarians are enough for stable analysis. As another application
is the adiabatic index. Using this one can incorporate all the basic characteristics of an equation of state on the
instability formulae. In the case of an EOS of neutron star matter, the adiabatic index γ, varies from 2 to 4 and for
an anisotropic compact star will be stable if γ > 4/3 [53]. For an adiabatic perturbation, the adiabatic index γ, can
be expressed in the form [54].
γ =
((
c2ρ+ p
p
)(
dp
c2dρ
))
> 4/3. (35)
Starting with Eqs. (20), (21) and (35), one can easily justify the adiabatic index and the stable configuration for
the specific stellar configuration SAX J1808.4-3658, 4U 1538-52 and Her X-1. In order to clarify further we plot in
Fig. 5, the dependence of the averaged adiabatic index, which clearly indicates that the configurations developed in
this paper is stable. Finally, it should be noted that the adiabatic index which we define in Eq. (35), is a local
characteristic of a specific EOS and depends on interior fluid density. For further reference we refer our reader to
follow [55].
V. CONCLUSION
The main point we wish to make is that a general solution of the Vaidya-Tikekar model for a spherically symmetric
superdense star has been carried out, and it is found a physically valid solution. The spheres contain a charged
perfect fluid matter and the exterior spacetime is represented by the Reissner-Nordstro¨m metric. We also intend to
study more closely the physical features of compact stars, generating an exact solution, and compated with number of
specific astronomical objects. We summarize the obtained results for the interior of the stellar configuration as follows:
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(i) Regularity conditions: The energy density and pressure is positive inside the star. The central density
ρ0 = (3C(K − 1)) /K > 0 and central pressure pr(r = 0) > 0, which shows that the density and pressure are positive
inside the star.
(ii) Generalized TOV equation: We consider the generalized TOV equation for desribing the equilibrium condition
subject to gravitational (Fg), hydrostatic (Fh) and electric forces (Fe), respectively and we observe from Fig. 2, that
gravitational force is balanced by the joint action of hydrostatic and electric forces to attain the required stability of
the model. However, the effect of electric force is less than the hydrostatic force.
(iii) Causality conditions: In addition, we have shown that inside the charged fluid sphere the speed of sound is less
than the speed of light i.e. 0 < (dp/c2dρ) < 1 for different values of 0 < K < 1 (see Table I-III for more detail
results). However, we can see from Fig. 3 that the sound speed is increasing monotonically towards the surface of the
star.
(iv) Energy conditions: The configurations of the objects satisfy the null energy condition (NEC), weak energy
condition (WEC) and strong energy condition (SEC), simultaneously inside the star as displayed in Fig. 4.
(v) Surface Redshift : We have also studied another impotent features is the surface redshift of stellar structure. A
general feature of the behavior is that it attend maximum value at the center and monotonically decreasing towards
the boundary, which we can see from figure Fig. 5 (left panel). The numerical values corresponding to center and
surface redshift for the SAX J1808.4-3658, 4U 1538-52 and Her X-1 are enlisted in Table I-III.
(vi) Stability conditions: We have also considered the adiabatic index to gain some useful information at an extreme
conditions and for stable configuration of a compact object. In this case it is possible to approximation the adiabatic
index γ > 4/3. We demonstrate that in Tables I-III and graphical form as displayed in Fig. 5 (right panel).
(vii) Mass-radius ratio: As an another application of the obtained upper bound of mass-radius relation together
with the Buchdahl limit for perfect fluids satisfying the inequality R ≤ (9/8) RS = (9/4) G M/c2 [41]. For a compact
configuration with electric charge to the system, the Buchdahl limit is certainly increase. It has been found that
Buchdahl limits for charged stars in [56–58]. In our case the obtained mass-to-radius ratio fall within the bounds as
proposed for charged spheres (see Table -4 for more).
In conclusion, we will investigate other forms of metric potentials that could exhibit more general behavior and to
make observationally distinguish between these compact objects.
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